The syntheses of 4-substituted and 5-substituted 2,5-dihydro-1-naphthoxepines are described. 1-Naphthol, starting material, was subjected to sequential reactions of O-alkylation, the Wittig reaction, the Claisen reaction, O-allylation, and ring-closing metathesis to provide 4-substituted 2,5-dihydro-1-naphthoxepines. Similarly, 5-substituted 2,5-dihydro-1-naphthoxepines were produced in good yields.
Introduction
In the last decade, considerale efforts have been made in our laboratory to utilize the Claisen rearrangement and ring-closing metathesis as key steps to prepare benzocarbocyclic and benzoheterocyclic compounds.
1 Recently Kotha, et al., 2 using the same strategy but developing a new approach to biologically relevant 2-naphthoxepines prompted us to search for some related compounds. From a literature survey, it was clear that naphthoxepines have been paid little attention 3 and the synthesis of substituted 2,5-dihydro-1-naphthoxepines (2,5-dihydronaphth[1, 2- b]oxepines) have not been described. Herein, we disclose an alternative method for the synthesis of 4-substituted and 5-substituted 2,5-dihydro-1-naphthoxepines. The synthesis started from 1-naphthol and was based on the Claisen rearrangement and ring-closing metathesis as key steps as shown in Schemes 1, and 2. 
Results and Discussion
As shown in Scheme 1, the reaction of 1-naphthol (1) with chloroacetone (2a), bromoacetophenone (2b), and 2-bromo-1-(4-methoxyphenyl)ethanone (2c) in the presence of dry potassium carbonate in refluxing acetone for 3-4 h, gave 1-(substituted)-2-(1-naphthalenyloxy)ethanones (3a-c) in 92 -98% yields. Reaction of 3a-c with methylenetriphenylphosphorane generated from the reaction of methyltriphenylphosphonium bromide and potassium tert-butoxide at 0 o C in situ afforded 1-[2-(substituted)-allyloxy]naphthalenes (4a-c) in yields of 93 -98%. Subsequently, compounds 4a-c were heated to 185 o C to bring about Claisen rearrangement to lead 2-(2-substituted allyl)-1-naphthols (5a-c) which have satisfactory spectral data, in yields of 80 -90%. The O-allylation of 5a-c was easily achieved by the general procedure to give 1-allyloxy-2-[2-(substituted)allyl]naphthalenes (6a-c) in yields of 89 -95%. Finally by treatment of 6a-c with Grubbs' catalyst (II) the desired 4-(substituted)-2,5-dihydro-1-naphthoxepines (7a-c) were produced in yields of 60 -95%, respectively. Furthermore, as shown in Scheme 2, 1-allyloxynaphthalenes (9a-b) prepared from 1-naphthol (1) with crotyl chloride (8a), and cinnamyl chloride (8b) were heated to 185 -190 o C in decalin for 0.75 -2.5 h to give, via Claisen rearrangement, 2-allyl-1-naphthols (10a-b) in 78 -80% yields. In the reaction producing 9b, besides the ortho-product 10b, its isomeric paraproduct 10c was also obtained. In a search for the optimal conditions for yielding 10b, various conditions were investigated and the results were depicted as Table 1 . conditions + *The isolated yield was indicated.
As shown in Table 1 , a bulky allyl group, as in 9b, favors ortho-product 10b at shorter reaction times of 0.75 h in decalin. On the other hand, at the longer 1 h reaction time in diethylaniline, the para-product 10c predominates. This means that 10c is thermodynamically more stable than 10b because of conjugated character of 10c. The isomeric 10b and 10c can be easily distinguished by 1 H-NMR measurements. Following the general procedure, 10a-b were reacted with allyl bromide to afford 2-allyl-1-allyloxynaphthalenes (11a-b) in 91-92% yields, respectively. Treatment of 11a-b with Grubbs' catalyst (II) produced 5-substituted 2,5-dihydro-1-naphthoxepines (12a-b) in yields of 55 -60%. The compounds in Scheme 2 are all new and gave satisfactory spectral data. A comparison of selected protons for compounds 7 and 12 in 1 H-NMR spectra is compiled at Table 2 .
Thus, we have established a new route to prepare 4-substituted-2,5-dihydro-1-naphthoxepines (7a-c) and 5-substituted 2,5-dihydro-1-naphthoxepines (12a-b), from 1-naphthol. General procedure for the preparation of 1-(substituted)-2-(1-naphthalenyloxy)etha-nones (3a-c) Under the protection of nitrogen, to a solution of 1-naphthol (7.21 g, 50.0 mmol) dissolved in dry acetone (150 mL) was added K 2 CO 3 (9.67 g, 70.0 mmol) and substituted 2-bromoacetophenone (2a-c) (60.0 mmol) in sequence. The reaction mixture obtained was heated to reflux for 3-4 h, monitored by TLC. After cooling to room temperature, the resulting reaction mixture was filtered to remove the solid. The filtrate was was concentrated in vacuo to remove the solvent.
The resulting residue was purified by column chromatography (ethyl acetate: n-hexane = 1: 10) to provide pure 3a-c, respectively. 1-(1-Naphthalenyloxy)propan-2-one (3a). 4 was added in portions and the mixture was stirred at 0 o C for 30 min. After which time, 1-substituted-2-(1-naphthalenyloxy)ethanone (3a-c) (25.0 mmol) in anhydrous THF ( 50 mL) was added, and the mixture was left stirring for 3 h at 0 o C. Then, the resulting mixture was quenched with saturated NH 4 Cl solution and extracted with dichloromethane (50 mL x 3). The organic layers were combined, washed with brine, and then dried with anhydrous magnesium sulfate. After filtration, the filtrate was concentrated in vacuo to remove the solvent. The resulting residue was purified by silica gel column chromatography (ethyl acetate: n-hexane = 1: 10) to give pure 4a-e, respectively. 
1-(2-Methyallyloxy)naphthalene (4a

General procedure for the preparation of 1-allyloxy-2-[2-(substituted)allyl]naphtha-lene (6a-c)
Under the protection of dry nitrogen, to 2-[2-(substituted)allyl]-1-naphthol 20.0 mmol (5a-c) dissolved in dry acetone (120 mL) was added K 2 CO 3 (3.87 g, 28.0 mmol) and allyl bromide (2.90 g, 24.0 mmol). The reaction mixture was heated at reflux for 4 h. After cooling to room temperature, the reaction mixture was filtered to remove the solid. The filtrate which was obtained was concentrated in vacuo to remove the solvent. The residue which was obtained was purified by column chromatography (ethyl acetate: n-hexane = 1: 10) to give pure 6a-c, respectively. General procedure for the preparation of 4-substituted-2,5-dihydro-1-naphthoxepine (7a-c) 1-Allyloxy-2-[2-(substituted)allyl]naphthalene (6a-c) (2.0 mmol) dissolved in dichloro-methane (200 mL) was stirred and Grubbs' catalyst (II) (0.085 g, 5% mol) added under the protection of dry nitrogen. The reaction mixture was continually stirred at room temperature (7a) for 10 min., (7b) and (7c) for 24 h until the consumption of starting material as monitored by TLC. After filtration, the filtrate was concentrated in vacuo to remove the solvent. The resulting residue was purified by column chromatography (ethyl acetate: n-hexane = 1: 50) to give pure 7a-c, respectively. 
1-Allyloxy-2-(2-methylallyl)naphthalene (6a
General procedure for the preparation of 1-allyloxynaphthalenes (9a-b)
Under the protection of nitrogen, to a solution of 1-naphthol (1) (7.21 g, 50.0 mmol) dissolved in dry acetone (150 mL) was added K 2 CO 3 (9.67 g, 70.0 mmol) followed by crotyl chloride (8a) or cinnamyl chloride (8b) (60.0 mmol), respectively. The reaction mixture was heated at reflux for 3-4 h, monitored by TLC. After cooling to room temperature, the reaction mixture was filtered to remove the solid. The filtrate which was obtained was concentrated in vacuo to remove the solvent. The resulting residue was purified by column chromatography (ethyl acetate: n-hexane = 1: 10) to provide pure 9a-b, respectively. 1-(2E-Butenyloxy)naphthalene (9a). 9 Under the protection of dry nitrogen, 2-allyl-1-allyloxy-naphthalenes (11a-c) (2.0 mmol) dissolved in dichloromethane (200 mL) was stirred and added Grubbs' catalyst (II) (0.085 g, 5% mol. The reaction mixture was continually stirred at room temperature for 24 h until the consumption of starting material which was monitored by TLC. After filtration, the filtrate was concentrated in vacuo to remove the solvent. The resulting residue was purified by column chromatography (ethyl acetate: n-hexane = 1: 50) to give pure 12a-c, respectively. Methyl-2,5-dihydro-1-naphthoxepine (12a) 
5-
